antigen3" and "aptimapca3". Abstracts or unpublished reports were not included. No language restrictions were applied. All non-English articles were translated if necessary.
INTRODUCTION
Prostate cancer (PCa) is recognized as one of the most common cancers in men in the Western world. 1 Early detection of PCa relies primarily on an elevated prostate-specific antigen (PSA) level and an abnormal digital rectal examination, which signal the need for prostate biopsy. However, 75% of men with PSA values between 2.5 and 10 ng ml −1 and/ or a suspicious digital rectal examination have a negative first biopsy, even though 10%-35% of these men are diagnosed with PCa upon repeat biopsies. 2, 3 The European Association of Urology guidelines recommend a repeat biopsy in men who have a negative first biopsy, but a persistent suspicion of PCa. 4 However, the repeat biopsies are negative in 80% of examined men. Discomfort, anxiety and severe complications can be associated with prostate biopsies. Repeated biopsies also result in a greater economic cost. 2, 3 To avoid unnecessary biopsies and increase the probability of detecting PCa during a repeat biopsy, additional tests are needed. In this regard, the prostate cancer antigen 3 (PCA3) assay, a new PCa gene-based marker, appears to be promising. PCA3 expression has been found to be 66-fold higher than that in benign and normal prostate tissue in > 95% of malignant prostate tissue tested. [5] [6] [7] Numerous studies have shown a high level of PCA3 during the first biopsy. The sensitivity and specificity have been
ORIGINAL ARTICLE
The PCA3 test for guiding repeat biopsy of prostate cancer and its cut-off score: a systematic review and meta-analysis standard with which to assess the technique. The results had to include the specific values of the diagnostic tests, such as sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and receiver operating characteristic (ROC) curves, which must have been calculated using true positives, false positives, false negatives and true negatives. We also collected the following characteristics: the name of the first author of the study, the year of publication, the population studied, the mean age of the subjects, the mean PSA level and the cutoff point. The bibliographic references were selected individually by two researchers. All references were full articles. Quality assessment was based on the QUADAS questionnaire.
Statistical analysis of the included studies
The data from each study were organized systematically and extracted to obtain the true positives, false positives, false negatives, and true negatives. Meta-DiSc software was used to calculate the indices of diagnostic validity, including the sensitivity, specificity, PPV, NPV, likelihood ratio negative, likelihood ratio positive and diagnostic odds ratio (OR). This allowed us to assess the discriminative power of the PCA3 test. Each value was determined together with a 95% confidence interval.
We conducted the meta-analysis in accordance with evidence-based data we extracted. We evaluated the quality of the articles according to the QUADAS questionnaire. Meta-DiSc software (version 1.4) was used to aggregate the results. First, we determined the possible existence of a threshold effect by calculating the Spearman's correlation coefficient and by using a graphic representation of "sensitivity" or "1-specificity" on an ROC space. Second, the possible heterogeneity of the studies was assessed by a chi-square test for sensitivity, specificity, PPV and NPV. The Q value was used to determine the probability coefficients and the OR. The results were represented in a forest plot. If there was evidence of a threshold effect, the studies were combined to create a summarized receiver operating characteristic, and the area under the curve (AUC) was calculated. The analysis was performed following the random effects model, as well as subgroup analysis if heterogeneity was found.
RESULTS

Descriptive analysis of the included studies
The systematic search for original articles yielded 900 bibliographic references. After reading the full text of all articles, 11 studies on repeat biopsy were included (Figure 1) . [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] All studies had adequate sensitivity, specificity, PPV and NPV. According to the QUADAS questionnaire (Table 1 ), the quality of the studies on diagnostic testing was moderate to high. The studies retrieved data from a total of 3373 patients with a mean age between 62.5 and 67.0 years and mean PSA levels ranging from 4.8 to 16.0 ng ml −1 ( Table 2 ). All patients underwent a repeat biopsy for comparison with the antigen determination. The intervention consisted of a quantitative determination of the PCA3 gene in urine samples of the patients. The studies presented the results as sensitivity, specificity, PPV, NPV and ROC curves (Tables 3 and 4) . Using a PCA3 cutoff of 20 or 35, the sensitivities were between 67.0% and 92.0% or 38.0% and 78.6%, 
Meta-analysis
The analysis was conducted using the 11 articles above. With a PCA3 cutoff of 20 or 35, Spearman's correlation coefficient was 0.841 (P = 0.002) and 0.726 (P = 0.011), respectively, and the ROC space showed a curvilinear trend. The results suggest the existence of a threshold effect (Figure 2a and 2b) . Group A, which contained subjects with HGPIN and ASAP, was not similar to Group B. We then performed a separate meta-analysis on each group. The pooled sensitivities of using a PCA3 cutoff of 20 or 35 in group A and group B were 72% or 49% and 90% or 75%, respectively (Figure 3a-3d) , and the specificities were 53% or 35% and 74% or 57%, respectively (Figure 3e-3h) . Using a PCA3 cutoff of 20, the positive likelihood ratio (LR), negative LR and diagnostic OR; the AUCs were 1.37, 0.49, 3.18 and 0.8462, respectively (Figure 4a-4d) .
DISCUSSION
In this review, we analyzed the available literature regarding the use of urine PCA3 as a guiding marker for repeat prostate biopsy for detecting PCa. Although the levels of PCA3 in the urine are lower than in the prostate tissue, PCA3 is readily detectable in urine samples. Clearly, PCA3 in the first biopsy shows excellent value. Some studies showed that during the first biopsy, when a PCA3 cutoff score of 35 was used, the sensitivity and specificity were up to 82.3% and 89.0%, respectively, with little differences between these studies. The results were much better than those using PSA. The best PSA cutoff value showed only 57.4% and 53.8% sensitivity and specificity, respectively. [10] [11] [12] [13] [23] [24] [25] In an American study, the diagnostic accuracy of the score was evaluated in men undergoing an initial biopsy (277) and a repeat biopsy (280). 26 In an European study, the AUC of PCA3 was 0.761 in the initial biopsy and 0.658 in the repeat biopsy. 22 This finding suggests that PCA3 is more accurate than PSA at guiding both repeat biopsy and initial biopsy. The diagnostic accuracy was not affected by prostate volume, age or total PSA ranges. 22, 26 For repeat biopsy cases, there was some variability among the studies in terms of PCA3. PCA3 has great value as a diagnostic tool. However, the problem is the optimal cutoff value. Although the specificity of a score of 20 is lower than that of 35, the values of other parameters are superior at a score of 20 than at a score of 35. The sensitivity results indicate that 75% of patients can be diagnosed by assessing PCA3 and using a cutoff score of 20. Thus, the results suggest that 20 is an appropriate cutoff score. The negative LR results indicate that PCA3 detection will lead to a significant reduction in unnecessary biopsies, by more than half. The positive LR results indicate that the probability of a patient with positive PCA3 is almost 1.5 times higher than that of a patient with negative PCA3 to have PCa. The AUC can be interpreted as the performance acceptability of the diagnostic test. The AUC of a score of 20 is higher than that of a score of 35, which indicates greater diagnostic value. According to the analyzed data and the meta-analysis, a PCA3 score cutoff of 20 is better than a score cutoff of 35. Although there were differences in these studies, the PCA3 results indicate that the detection of this biomarker has acceptable diagnostic validity indices and adequate sensitivity and can be used for guiding repeat biopsies of the prostate for PCa testing. Using a PCA3 score cutoff of 20, group A showed better results than group B. Although group A had a slightly lower sensitivity than that of group B (72% vs 90%), the specificity of group A was higher (53% vs 35%). The specificity of group B was too low for diagnosis. Group A had more balanced sensitivity and specificity values, possibly because group A subjects had a higher PCA3 score. Most patients were still diagnosed with HGPIN and ASAP on repeat biopsy. Some studies showed that subjects diagnosed with HGPIN and ASAP had higher scores than healthy controls. 25 Further studies are needed to determine why HGPIN and ASAP higher than normal. On a repeat biopsy, a PCA3 cut-off score of 20 with HGPIN and ASAP is a valuable diagnostic tool and can be clinically applied.
There are several limitations of our meta-analysis. Some studies were not performed blinded; whereas, some lacked explanation of the loss of the patients. But most have given explanations. These do not affect the results. We have tried to avoid these biases by expanding our search to several databases and conducting a rigorous screening for articles. We evaluated the quality of the articles according to the QUADAS questionnaire evaluation. The quality of the studies on diagnostic testing was moderate to high. We eliminated poor quality papers and avoided language restrictions. However, there were potential publication biases, such as unpublished studies and reports from commercial enterprises, which were excluded. It should be noted that the PCA3 score is inconclusive. Some studies used a cutoff score of 25, but most of the studies that we searched used a cutoff score of 20. Moreover, several studies showed that cut-off scores of 20 and 25 yielded similar results. 25, 26 Whereas, other genes and proteins such as AMACR, HPG-1, STAMP1, STAMP2, DPIV, Trp-p8, GSTM1, GSTT1, CYP1A1, CYP1A2, CYP2E1, MDM2 T309G and NPY [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] have also been considered as prostate-specific markers and their expression is altered in pathologic conditions, PCA3 is the only gene with that can be used with high specificity as a diagnostic tool. 37 Additionally, PCA3 detection is a minimally invasive test. Furthermore, PCA3 detection has good diagnostic performance because the sample is collected by urinary sediment after prostate massage. 38 Taking the above findings together, early use of the noninvasive method of PCA3 detection may lead to a significant reduction in the number of repeat biopsies that is conducted. Several studies showed that the PCA3 score was closely linked to the Gleason score and clinical stage. However, some studies showed conflicting result and questioned the relationship between the PCA3 score and PCa aggressiveness. 27, 39 The PCA3 score decrease in patients who had been diagnosed with PCa, but was still higher than normal. 13, [18] [19] [20] 22 This finding does not affect the value of PCA3 as a diagnostic tool. Whether PCA3 can be used for clinical staging is not conclusive, and the association between PCA3 score and Gleason score requires further evaluation in controlled studies. Based on the results, we conclude that a PCA3 cutoff score of 20 is better than a cutoff score of 35 and that PCA3 is a much better diagnostic marker than PSA. This finding will be clinically useful for improving diagnostic accuracy and avoiding unnecessary biopsies in patients. However, more studies are needed to determine the costs and efficacy of this approach.
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